Objectives. The Demand-Control (DC) and Effort-Reward Imbalance (ERI) models predict health in a work context. Self-report measures of the four key constructs (demand, control, effort, and reward) have been developed and it is important that these measures have good content validity uncontaminated by content from other constructs. We assessed relevance (whether items reflect the constructs) and representativeness (whether all aspects of the construct are assessed, and all items contribute to that assessment) across the instruments and items.
What does this study add?
A new application of an existing method, discriminant content validity, and a new method of assessing instrument representativeness. 'Pure' DC and ERI items are identified, as are constructs that are not fully represented by their assessment instruments. The findings are important for studies attempting to distinguish between the main DC and ERI work stress constructs.
The quantitative results can be used to guide item selection for future studies.
Theoretical models of work stress strive to make sense of the complicated and variable relationship between the work situation and the working person by highlighting some general components that may explain job-related health and satisfaction. Two main theories, the Demand-Control Model (DC) (Karasek, 1979) and the Effort-Reward Imbalance Model (ERI) (Siegrist, 1996) , dominate the work stress literature and an impressive body of evidence documents the explanatory power of the primary DC and ERI hypotheses (see H€ ausser, Mojzisch, Niesel, & Schulz-Hardt, 2010; van Vegchel, de Jonge, Bosma, & Schaufeli, 2005) in predicting health and job satisfaction outcomes. Questionnaire measures have been developed to assess each of the main constructs of these models, and these questionnaires are routinely used, with over 3800 citations. This paper examines the content validity of these measures, that is, (1) the extent to which items in these measures reflect the theoretical constructs they purport to measure, (2) whether DC and ERI measures are distinct or overlap in content, and (3) the extent to which different aspects of the targeted constructs are fully represented by the measures. Karasek's DC model focuses on the psychological demands of work and the worker's decision latitude, otherwise referred to as 'control'. Psychological demands refer to workload and are operationalized mainly in terms of time pressure and role conflict. Control encompasses the flexibility the worker is permitted when applying his or her skill set ('skill discretion') and the potential control they have over their tasks and performance during the working day ('decision authority'). The most commonly applied DC model hypothesis predicts that a combination of high psychological demand and low control results in a stress-like reaction that Karasek calls job strain (Karasek, 1979) . In Siegrist's Effort-Reward Imbalance model, effort represents job demands and/or obligations that are imposed on the employee, and the model assumes that employees invest effort at work in anticipation of reward. The reward component consists of three dimensions of occupational gratification: money, esteem, or approval, and status control, with status control defined as situations that threaten the continuity of work roles (e.g., lack of promotional prospects or forced occupational change). The main ERI hypothesis posits that employees are at risk of poor health when a high degree of effort is combined with insufficient rewards (Siegrist, 1996) .
The constructs outlined in the DC and ERI models are typically measured with standardized self-report questionnaires. The Job Content Questionnaire (JCQ) (Karasek et al., 1998) measures psychological demands in terms of 'how hard workers work', with five items assessing mental workload, workplace constraints on task completion, and conflicting burden. Control is assessed by nine questions designed to tap the two theoretically distinct subdimensions of skill discretion and decision authority. Assessments of the psychometric properties of the JCQ have revealed satisfactory results. Pelfrene et al. (2001) assessed the reliability and validity of the scales in a large sample of employees in Belgium. They report adequate internal consistency for control (Cronbach's a .82), (decision authority .66; skill discretion .77) and psychological demands (.72) . A number of studies report somewhat lower internal consistency for psychological demands than for control (Brisson et al., 1998; Kawakami & Fujigaki, 1996) . For example, the seminal Karasek et al. (1998) JCQ paper reports similar alphas to Pelfrene et al. for control scales, but an average Cronbach's a of .63 for psychological demands. To date, there has been mixed evidence on the relationship between control subscales, with studies reporting both high (Pelfrene et al., 2001 ) and low (Schreurs & Taris, 1998) correlations between decision authority and skill discretion. An exploratory factor analysis conducted by Pelfrene et al. revealed that all items designed to measure control had their highest loadings on that factor, with shared loadings on both control and psychological demands factors (ranging from .19 to .29) for the items 'requires creativity', 'learn new things', and 'high skill level'. However, confirmatory factor analyses in the literature provide overall support for Karasek's model in terms of distinguishing the demand and control constructs (Sale & Kerr, 2002; Schreurs & Taris, 1998) .
The ERI model has also been operationalized as a standardized self-report questionnaire which includes psychometric scales of effort and reward (Siegrist et al., 2004) . In the original version of the questionnaire, effort is measured by either five or six items that refer to demanding aspects of the work environment -three items measuring quantitative load, one item measuring qualitative load, and one item measuring increase in total load over time. A further single item measuring physical load is optional depending on the nature of the work setting in question. Eleven items assess reward in terms of money, esteem/approval, and status control (NB a newer version of the ERI questionnaire comprises ten reward items, combining items assessing 'respect from superiors' and 'respect from colleagues' (Siegrist, Li & Montano, 2013) ). Published data document satisfactory internal consistency in effort and reward scales with Cronbach's a generally >.70 (Siegrist et al., 2004) . Exploratory and confirmatory factor analyses have also been conducted with satisfactory results, consistently distinguishing between the primary effort and reward constructs with a good model fit for both the unidimensional effort scale and the three-factor structure of the reward scale (De Jonge, Van Der Linden, Schaufeli, Peter, & Siegrist, 2008; Rantanen, Feldt, Hyv€ onen, Kinnunen, & M€ akikangas, 2013; Siegrist et al., 2004) .
There are numerous similarities between the two models. Both constitute general models of occupational stress with a selective analytical approach and both are measured with standardized self-report questionnaires, with data analysed according to predefined procedures. Further, there is a substantial theoretical and methodological overlap between the scales measuring demand and effort reflecting overlap in the ways the constructs are defined and it is unknown whether they can be operationalized separately.
Although the DC and ERI constructs are described at length in a number of key papers, there is a lack of set definitions for demand, control (and its subdimensions), effort, and reward. This makes any investigation of how the measures relate to the underlying theoretical constructs very difficult and may go some way to explaining why the content validity of the measures has never been investigated despite the reliability and construct validity of the DC and ERI scales being routinely reported. Haynes, Richard, and Kubany (1995) define content validity as 'the degree to which elements of an assessment instrument are relevant to and representative of the targeted construct for a particular assessment purpose', (p. 238). Relevance refers to both how well an instrument's items 'fit' their targeted constructs (did they truly reflect aspects of the construct of interest?) and how specific this fit is (did they tap only the targeted construct and not other related or unrelated constructs and display 'discriminant content validity'?). Representativeness concerns the extent of coverage of the targeted construct (are all items assessing the construct in some way, and are all elements of the construct being assessed in some way?). Representative measures should cover all aspects of the target construct and should include items that are distributed in a way that reflects the relative importance of these aspects. Content is therefore representative to the degree that the entire domain of the targeted construct is measured and that all items are contributing to the measurement within the bounds of the theoretical construct.
Single theories, such as DC and ERI, typically contain multiple constructs and it is vital that each of these constructs shows not only adequate content validity but content that is distinct. If measures show construct overlap, then any observed relationship between those constructs may be spurious (i.e., a function of the measurement rather than being reflective of a genuine relationship). Further, the relative utility of different theories that contain similar constructs (such as demand and effort) can only be tested empirically if the related constructs are measured in ways that allow them to be reliably discriminated from one another. Finally, if certain aspects of a construct are over-or underrepresented by items within an assessment instrument, the obtained scores and inferences from these scores are very likely to be biased.
In this paper, all items from the standard questionnaires measuring demand, control, effort, and reward were examined using discriminant content validation (DCV) (Johnston et al., 2014) , a systematic and transparent way of investigating and reporting whether items assess target theoretical constructs without contamination. Items were also assessed for representativeness using a new method designed to examine the scope of construct representation across items.
DCV method
Discriminant content validation (DCV) is a methodological technique which uses judges' ratings to assess the relevance of assessment instruments, that is, how well an instrument measures the underlying construct it asserts to measure, and how easily measures of one construct can be discriminated from measures of other constructs. DCV has previously been used to examine overlap between constructs within a single theory (Common Sense Self-Regulation Model (Leventhal, Brissette, & Leventhal, 2003) and similar constructs from different theories (perceived behavioural control (Ajzen, 1991) and self-efficacy (Bandura, 1997) ). The DCV method involves six steps: defining the constructs, selecting items purporting to measure the constructs, identifying appropriate judges, setting a judgement format, testing content validity, and assessing discriminant items. The activities involved in each step are shown in Table 1 . For a detailed overview of DCV methodology, see (Johnston et al., 2014) .
STUDY 1
Design Participants judged the relevance of each item of the DC and ERI questionnaires to definitions of the theoretical construct, and the data were analysed to assess content validity relevance and discrimination. 
Steps
Steps in assessing discriminant content validity 1. Definitions Identify published definitions or generate clear agreed definitions of each of the constructs to be assessed, or against which the target construct needs to be discriminated. Definitions may be presented to judges with or without labels depending on the area of measurement 2. Items Identify or generate a sample of items either from existing items or generated by experts 3. Judges Identify appropriate judges and the number needed to evaluate items against definitions. These judges may be experts in the domain being assessed or in measurement and assessment 4. Scale Establish a scale on which each item is judged and rated. The initial judgement, that is, whether the item measures the construct determines the valence of the judgement as plus or minus. The subsequent confidence rating, usually from 0 to 10 or 100, determines the deviation from zero. Scores can range from minus 10(100) to plus 10(100), with minus 10(100) representing very confident the item does not assess the construct and plus 10(100) very confident that the item does assess the construct 5. Content validity Test the content validity related to each theoretical construct for each item using single sample t-tests or, more commonly, nonparametric one sample test (Wilcoxon) as the distributions are usually very skewed. A significant result indicates that the judges are confident that the item does (positive value) or does not (negative value) assess the construct 6. Discriminant content validity Evaluate the discriminant content validity: Items have discriminant content validity if they have content validity for only one construct. Contaminated items, those which have content validity for more than one construct, can be compared to establish the item has stronger content validity for one construct than another using paired t-tests or Wilcoxon signed rank tests Participants Judges were thirteen health psychology researchers (12 female), with a mean age of 35 years (SD = 13). Mean years of experience working in the field of health psychology was 3, (SD = 4).
Materials
Standard definitions of DC and ERI constructs were not included in the original work stress models, and therefore, definitions were based on standard dictionary entries (Oxford English Dictionary and Collins English Dictionary). These definitions are shown in Figure 1 . All items typically used to assess the primary DC and ERI hypotheses (Job Strain and ERI) were selected, that is, five demand items and nine control items from the Job Content Questionnaire (JCQ) (Karasek et al., 1998) ; and six effort items and 11 reward items from the Effort-Reward Imbalance Questionnaire (Siegrist, 2012) .
Procedure
Judges were informed that the purpose of the DCV was to explore what existing work stress questionnaire items measure. Definitions of the four work stress constructs, demand, control, effort, and reward, were provided and presented to the judges along with the 31 questionnaire items. Judges were asked to evaluate whether each item assessed each of the four constructs (yes/no) and to rate their confidence in each judgement from 0% to 100% (in 10% increments) ( Figure 1 ). All ratings were divided by 100 (and multiplied by À1 if the judge indicated the item does not assess a construct). This resulted in a scale between À1 (very confident item does not assess construct) and +1 (very confident item does assess construct). The one sample Wilcoxon signed ranks test was used to compare the obtained data with a test value of zero. An aim of the analyses was to establish whether items showed sufficient support to be considered as significantly sharing content (or not) with each construct. We therefore took as our starting point that items should achieve more than 50% confidence in shared (or not) content. This would be equivalent to a correlation of greater than (À) .7 (49% shared/not shared content), and we made the arbitrary but transparent decision to adopt the more conservative equivalent of a correlation of (À) .8 (64% shared/not shared content). Effect sizes were calculated for the signed rank tests using the rank correlation (a version of Spearman's r equal to the Wilcoxon test statistic W divided by the total rank sum). The .8 cut-off was then applied in order to classify items as significantly assessing a construct (À.8 when significantly not assessing a construct).
EFFORT

Results
Rank correlations for study 1 are presented in Tables 2 and 3 . The corresponding single sample Wilcoxon signed ranks tests can be found in Appendix A.
Do items measure the constructs they purport to measure? All (5/5) demand items were found to significantly assess the demand construct. By contrast, only 1/6 effort items assessed the effort construct, 6/11 reward items assessed reward, and 4/9 control items assessed control.
Do any items measure constructs other than those they purport to measure? One demand item of 5 ('my job requires working very hard') was rated as measuring effort as well as demand, but fell short of the >.8 significance cut-off for effort. Four of six effort items were rated as measuring demand and not effort, with 1/6 ('my job is physical demanding') assessed as significantly measuring both effort and demand. Three control items of nine were rated as assessing demand, two of which ('my job requires a high level of skill' and 'my job requires I learn new things') rated as significantly not measuring control (i.e., were negatively classified). One reward item of 11 (assessing 'undesirable change') was classified as measuring control.
Do items allocated to the correct construct have discriminant content validity? Items were considered to have discriminant content validity if they were significantly allocated to the construct they purport to measure and only that construct. Overall, 5/5 demand, 4/9 control, 0/6 effort, and 6/11 reward items were uniquely classified to the appropriate theoretical constructs and therefore attained discriminant content validity as 'pure' items.
STUDY 2
A limitation of study 1 was the use of dictionary definitions on which the judges based their ratings. These definitions may not fully capture or discriminate between the details of relevant theoretical constructs, particularly with the dictionary definition of demand .92
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Reward items Demand ( containing an explicit reference to 'effort' and 'skill'. A second study was therefore conducted using a separate panel of judges and contextual paragraphs composed of descriptive text taken from the key DC and ERI papers were used as definitions (Karasek, 1979; Karasek et al., 1998; Karasek, 2011; Siegrist, 1996; Siegrist et al., 2004 . See Appendix B for details).
Design
Participants judged the relevance of each item of the DC and ERI questionnaires to contextual paragraphs defining the theoretical construct, and the data were analysed to assess content validity relevance and discrimination.
Participants
Participants were twelve health psychology researchers (10 female) who had not taken part in study 1. The mean age of judges was 29 (SD = 4) and mean years of experience in health psychology was 3 (SD = 3).
Materials
Contextual paragraph definitions were compiled for demand, effort, reward, control, and the two control subdimensions: decision authority and skill discretion (see Table 4 ). These definitions were developed using word-for-word phrases from core papers that explain the DC and ERI theories and are universally cited. In order to develop as full a definition of the constructs as possible, one author extracted all defining phrases from sections of three key DC papers and two key ERI papers where the constructs had been clarified (Karasek, 1979; Karasek et al., 1998; Karasek, 2011; Siegrist, 1996; Siegrist et al., 2004) . All defining phrases were taken into consideration and were only rejected where repetition occurred. The remaining authors checked the definitions and were confident that all phrases reported were included in these references. The final definitions were labelled A to F to avoid leading participants using the construct name as a heading (see Appendix C for full exercise). Questionnaire items were the same as those used in study 1.
Procedure
The procedure for study two was identical to study 1.
Results
Rank correlations for study 2 are presented in Tables 2 and 3 . Items in these tables have been ranked to indicate the strength of their content validity based on results from study 2. The corresponding single sample Wilcoxon signed ranks tests for study 2 can be found in Appendix D.
Do items measure the constructs they purport to measure? Four demand items (out of 5) were rated as significantly assessing the demand construct. Effort items performed considerably better than in study 1 with four (out of 6) being significantly rated as assessing the effort construct. Seven of 11 reward items were rated as assessing reward and 4/9 control items as assessing control, with all three decision authority items and 5/6 skill discretion items being assessed as measuring their respective control subdimensions.
Do any items measure constructs other than those they purport to measure? Two demand items of 5 ('my job requires working very hard' and 'I am not asked to do an excessive amount of work') were assessed as significantly measuring effort. Four of six effort items were again allocated to the demand construct; however, three of these were assessed as significantly measuring both effort and demand. None of the control or reward items were classified to other constructs.
Do items allocated to the correct construct have discriminant content validity?
Overall, 3/5 demand, 3/9 control, 3/3 decision authority, 4/5 skill discretion, 1/6 effort, and 7/11 reward items were uniquely classified to the appropriate theoretical constructs and therefore attained discriminant content validity as 'pure' items.
STUDY 3
A new method of assessing the representativeness of assessment instruments was developed and applied for the first time in order to explore whether or not items in the questionnaires associated with the DC and ERI theories fully represent their underlying constructs (demand, control, effort, and reward). The demands of a work situation; stressors present in the work environment involved in accomplishing the work load; stressors related to unexpected tasks; stressors of job-related personal conflict; 'how hard workers work' (mental work load); organization constraints on task completion; conflicting demands Control Decision-making freedom (discretion) available to the worker; the working individual's control/ potential control over their tasks, conduct, and performance during the working day; the worker's ability to control his or her own activities and skill usage Skill discretion
Level of skill and creativity required on the job; the flexibility permitted the worker in deciding what skills to employ (similar to variety); socially predetermined control over use of skills by the individual Decision authority
Organizationally mediated possibilities for workers to make decisions about their work; socially predetermined control over detailed aspects of task performance (also called autonomy) Effort Work pressure; the demands on the job; effort spent; perceived demands; demanding aspects of the work environment Reward Societal rewards distributed to the working population; financial reward; esteem or approval; reward related to promotion prospects; career opportunities including job security; being appreciated in an adequate way; being treated (un)fairly; disappointments resulting from inappropriate rewards Design Participants judged the representativeness of each item of the DC and ERI questionnaires to contextual paragraphs defining the theoretical construct, and the data were analysed to assess item scope and construct coverage.
Participants
Participants were eight health psychology researchers (seven females). The mean age of judges was 43 (range 27-70) and mean years of experience in health psychology ranged from 3 to 40 (mean = 16).
Materials
Judges were presented with the 31 work stress items used in studies 1 and 2. Beneath each item was the corresponding construct definition used in study 2 (see Appendix E for full exercise).
Procedure
Judges were informed that the purpose of the task was to explore whether or not standard work stress items based on the DC and ERI models fully represent their underlying dimensions of demand, control, effort, and reward. Judges were asked to consider which parts of a construct definition were being assessed by corresponding items, if any, and to indicate their decision by circling the word(s) or phrases they felt were represented by the item (if any). Given that one item might refer to several different parts of the definition, judges were encouraged to partition definitions if needed by circling sections separately. They were also asked to indicate how confident they were in each judgement on a scale that ranged from 0% (i.e., not at all confident) to 100% (i.e., completely confident) in 10% increments (see Figure 2 ).
Scoring
Each definition was broken down into its constituent phrases. Individual phrases were considered as equally important to the definitions. In the control definition, the phrase 'the working individual's control/potential control over tasks, conduct and performance during the working day' was divided after the word 'tasks' by seven of the eight participants and was therefore divided into two subphrases in all analyses. No other phrase was divided by a majority of participants and so, where partial phrases were marked, the full phrase was allocated the score. Table 5 shows a breakdown of each definition into its contributing phrases.
The ratings for each separate phrase for each construct were aggregated. An item was classified as addressing a phrase if the median confidence rating was 50% or over (similar results were obtained using a mean cut-off of 50% or over). One respondent did not rate the 'skill discretion' and 'decision authority' items as they thought they had already done the required ratings when they had rated the items against 'control'. Otherwise, data were complete except for one missed 'reward' item. Given that study 3 presents an entirely new technique, we investigated interrater agreement across judges' representativeness ratings for each construct (including each of the control subdimensions as separate constructs). Intraclass correlations indicated substantial agreement for each construct: .77 for Demand, .91 for Control, .77 for Skill Discretion, .89 for Decision Authority, .93 for Effort, and .91 for Reward.
Results
The results for study 3 are summarized in Figure 3a -d, where rows refer to specific questionnaire items (as detailed in Tables 2 and 3) . Columns refer to definition phrases (as detailed in Table 5 ). Shaded boxes indicate items classified as addressing a phrase and display the median confidence rating. For an item to be representative, it must measure at least one of the phrases defining the theoretical construct (i.e., there should be a shaded box in each row). For the assessment instrument to be representative of the full theoretical construct, all defining phrases must be measured (i.e., there should be a shaded box in each column).
Are there aspects of the construct definition that are not addressed by any of the items? Two aspects of the demand definition 'stressors related to unexpected tasks' and 'stressors of job-related personal conflict' were not addressed by any of the demand items.
One aspect of the control definition 'conduct and performance during the working day' which was part of a larger phrase, 'the working individual's control/potential control over their conduct and performance during the working day' was not assessed by any of the control, skill discretion, or decision authority items.
Each aspect of the decision authority and skill discretion definitions were assessed by at least one construct-relevant item, as was each aspect of the effort definition.
Two aspects of the reward definition, 'societal rewards distributed to the working population' and 'disappointments resulting from inappropriate rewards' were not addressed by any of the reward questionnaire items.
Are there items that do not cover any aspect of the construct definition? Four control items (all of which belonged to the skill discretion subdimension) did not assess any aspects of the control definition, and one of the same items, 'my job requires that I learn new things', did not assess any aspect of the skill discretion definition.
Three reward items, 'I experience adequate support in difficult situations', 'I have experienced or I expect to experience an undesirable change in my work situation', and 'my current occupational position adequately reflects my education and training', did not assess any aspect of the reward construct definition.
Summary of findings across studies 1-3 Demand and effort All five demand items measured demand. Three measured demand and not effort in both studies 1 and 2, indicating they had discriminant content validity, while a further two items measured both effort and demand, indicating content validity but not discriminant content validity. These three 'relevant' items were found in study 3 to represent four of the seven defining phrases. Two defining phrases were not represented by any item. By contrast, only one effort item (item 18) had discriminant content validity (in study 2 only) and representativeness in study 3. Other effort items assessed demand as much as effort.
Control
All three decision authority items had discriminant content validity and representativeness as indices of control (although one item, 8, did not discriminate decision authority from skill discretion). However, only one of the skill discretion items (item 12) showed discriminant content validity for both control and the skill discretion subdimensions, and this item was Table 5 . Breakdown of each contextual paragraph definition into the assessed phrases in study 3 Demand (i) The demands of a work situation; (ii) stressors present in the work environment involved in accomplishing the work load; (iii) stressors related to unexpected tasks; (iv) stressors of job-related personal conflict; (v) 'how hard workers work' (mental work load); (vi) organization constraints on task completion; (vii) conflicting demands Control (i) Decision-making freedom (discretion) available to the worker; (ii) the working individual's control/ potential control over their tasks, (iii) conduct and performance during the working day; (iv) the worker's ability to control his or her own activities and skill usage Decision authority (v) Organizationally mediated possibilities for workers to make decisions about their work; (vi) socially predetermined control over detailed aspects of task performance (also called autonomy) Skill discretion (vii) Level of skill and creativity required on the job; (viii) the flexibility permitted the worker in deciding what skills to employ (similar to variety); (ix) socially predetermined control over use of skills by the individual Effort (i) Work pressure; (ii) the demands on the job; (iii) effort spent; (iv) perceived demands; (v) demanding aspects of the work environment Reward (i) Societal rewards distributed to the working population; (ii) financial reward; (iii) esteem or approval;
(iv) reward related to promotion prospects; (v) career opportunities including job security; (vi) being appreciated in an adequate way; (vii) being treated (un)fairly; (viii) disappointments resulting from inappropriate rewards NB: Shaded boxes identify items classified as addressing a phrase and display the median confidence rating for that item/phrase. Numbered text in rows refers to Demand questionnaire items found in Table 2 . Numbered text in columns refers to Demand contextual phrases found in Table 5 .
i. NB: Shaded boxes identify items classified as addressing a phrase and display the median confidence rating for that item/phrase. Numbered text in rows refers to Effort questionnaire items found in Table 3 . Numbered text in columns refers to Effort contextual phrases found in Table 3 . Numbered text in columns refers to Reward contextual phrases in Table 5 . also representative. While phrase iii of the control definition was not represented by any item, there was also an item (14) which did not represent any phrase in the definitions.
Reward
Six of the 11 reward items had discriminant content validity in both studies 1 and 2 and also showed representativeness in study 3. Three items did not represent any aspect of the definition and one defining phrase was not tapped by any item.
Discussion
These studies used discriminant content validation and introduced a method of assessing representativeness to evaluate the content validity of commonly used standardized work stress measures from the two dominant theoretical models of work stress -the DemandControl and Effort-Reward Imbalance models. The content validity of each item contained within the standard measures was assessed, allowing the content validity of each individual item to be determined.
Demand and effort
Across both studies 1 and 2, only one effort item provided adequate measurement of the effort construct that distinguished effort from demand. Thus, in studies attempting to distinguish these two constructs, it would appear that there are several items that measure demand without measuring effort but not vice versa. Demand measures appear to encompass effort. Intuitively, and according to dictionary definitions, there is a conceptual difference between demand and effort, the former being more about demands imposed on a worker by the environment and the latter being more about efforts made in response to demands. However, there appears to be a significant overlap between the two constructs as operationalized within work stress measures, with the demand construct subsuming the effort construct. While the observed overlap might have been due to using dictionary definitions in study 1, study 2 used the original authors' words to define the theoretical constructs and there is clear overlap in these definitions. Nevertheless, even where definitions overlap, it might still be possible to have distinct measurement if measures focus on non-overlapping features. The DCV methodology is ideal for examining this possibility. It would appear that demand items do address aspects distinct from effort, but the reverse is not true for effort items.
Other authors have noted that measures of the two constructs give similar results in predictive studies (Calnan, Wainwright, & Almond, 2000; Rydstedt, Devereux, & Sverke, 2007; Tsutsumi, Kayaba, Theorell, & Siegrist, 2001 ). Calnan, Wadsworth, May, Smith, and Wainwright (2004) investigated the predictive utility of a combined DC-ERI model and found that the demand variable dropped out, leaving effort as the main predictor. This may be because, as the present study suggests, extrinsic effort as measured by the current ERI questionnaire items is in fact assessing demand, rendering additional demand items superfluous. Nevertheless, given the pattern of uncontaminated items, it should be possible to use several items to measure demand without effort, but not effort without demand. All demand items were contributing to the assessment of the demand construct. However, a number of redundant defining phrases for the demand construct were identified (i.e., phrases that were not assessed by any of the demand items). This indicates that the demand construct measured by the JCQ items is narrower than the defining DC papers would suggest in that 'stressors related to unexpected tasks' or 'stressors of jobrelated personal conflict' are not assessed.
Control
The control items assessing decision authority performed well as indices of both constructs. However, the skill discretion items were less successful as several items did not achieve content validity as measures of control in either study 1 or 2. In addition, some items were seen to measure skill discretion but not control in study 2, suggesting that skill discretion cannot be subsumed under control. Results from study 3 suggest that skill discretion items represent the subdimension definition far better than the higher-order control definition. A number of authors have previously made a case for keeping the theoretically distinct constructs of control and skill discretion separate due to confirmatory factor analyses of the DC model revealing three factors corresponding to psychological job demands, skill discretion, and decision authority (Schreurs & Taris, 1998; Wall, Jackson, Mullarkey, & Parker, 1996) . The present results raise questions about the appropriateness of the skill discretion items for the measurement of control as defined in the current study, seeing that judges clearly consider decision authority and not skill discretion items as measuring control in both relevance studies.
Reward
Results suggest that reward items are largely successful, with six items having both relevance and representativeness. Nevertheless, three items did not tap any aspect of the definition and one aspect was not represented.
Using the JCQ and ERI questionnaires
While the JCQ provides adequate measures of both demand and control constructs, the current findings point to lack of representation of the skill discretion domain of control. By contrast, although the ERI questionnaire satisfactorily measures reward, there may still be problems in using the questionnaire to test the ERI theory because of limitations in the content validity of the effort measure. Both theoretical frameworks had defining phrases that were not represented in the measures typically used to assess the constructs. Thus, either the theoretical constructs need to be more tightly defined or the measures expanded to ensure that the full demand domain is sampled. Further, both questionnaires contained items that did not appear to fit any aspect of the definitions, suggesting that either the definitions were too narrow or these items should not be included as measures of the theoretical constructs.
The ranking of JCQ and ERI items according to the strength of their content validity has implications for item selection. Using both DCV and an assessment of representativeness is a robust and transparent way of selecting items for constructing a restricted questionnaire where burden is an issue or where it is not practical to administer multiple questionnaires. For example, studies investigating health in a work context are increasingly using real-time measurement in busy working environments where item brevity is crucial, but validity is also important. These methods would enable researchers to construct a questionnaire with a restricted set of items by systematically choosing representative items with the highest values indicating strongest relevance for the construct, and omitting those with high values for competing theoretical constructs (to avoid contaminated measures).
Where the original full questionnaires are used, the present results would suggest caution be applied when comparing the relative utility of the DC and ERI models, as demand cannot be reliably discriminated from effort. In addition, several aspects of the constructs demand, control, and reward are not represented within these measures so their use will not fully capture these constructs as originally conceptualized.
Strengths and limitations
The content validity of work stress questionnaires has previously been addressed in a largely intuitive manner as 'face validity'. While support for predictions from theory using these measures offer evidence of construct validity, this is not enough to assert content validity. The three studies reported here go beyond previous work in this area by providing the first evidence of three aspects of content validity: content relevance, discriminant content validity, and representativeness. Haynes et al. define two aspects of content validity, relevance and representativeness. Studies 1 and 2 assess relevance but extend previous work on relevance in two ways: by using transparent quantitative methods and by ascertaining the distinctiveness of measures of each construct from others in these theories. While these methods go further than previous attempts to assess relevance, previous studies have largely failed to offer any assessment of representativeness; study 3 offers a viable methodology which has proven useful in identifying aspects of theoretical constructs that are not addressed in the measures and items in the measures that appear not to address the construct as defined.
Limitations of the current work should be noted. In study 1, construct definitions were restricted to dictionary definitions whereas in study 2 defining phrases were gathered from original theoretical papers. Neither of these methods seem entirely satisfactory, but the combined evidence of the two methods adds strength to the finding. We would recommend that in future DCV studies, care is taken to ensure that the definitions used have good provenance, as in study 2, or are based on a consensus of experts in the use of the constructs. In order to focus on the main predictions of the DC and ERI models, namely the job strain and extrinsic ERI hypotheses, this study did not assess items measuring other important constructs in the Job Content and Effort-Reward Imbalance questionnaires (social support or intrinsic effort (overcommitment). As such, the discriminant content validity of these measures remains to be investigated, and may reveal more about the extent to which the models overlap. In study 3, questionnaire items were classified as addressing a defining phrase if the judges' median confidence ratings were 50% or higher. While this cut-off is arbitrary, it allowed us to use this entirely new methodology to explore the representativeness of the DC and ERI items, and the reported confidence ratings ranging from 50 to 100% provide an indicator of how well items performed. It is also worth noting that in study 3, lack of representativeness was inferred by the absence of highlighted defining phrases. Future studies may wish to instead ask judges to highlight both representative and non-representative phrases (in distinguishable ways) to ensure that they are aware of both types of judgement. Finally, future studies may wish to include questionnaire items and defining phrases that are not at all linked to any of the constructs under investigation, as doing so would add strength to findings where judgements of relevance and representativeness (or lack thereof) are made. Studies 1 and 2 of Johnston et al. (2014) give examples of this method.
Conclusions
The methods used to assess content validity are new and have proven useful. The results demonstrate for the first time that each theory has problems of content validity when assessing one of its two main constructs. Further development involving studies of the ERI theory may depend on refining items to identify a construct distinct from demand given that the current definition of the construct fitting the effort measure would appear to be incorporated in, rather distinguished from, demand. For both theories, the representativeness analyses reveal that the measures do not fully align with the theoretical constructs, suggesting that either the constructs need to be refined or the measures developed further.
Appendix A: 
Continued
Appendix B: Development of contextual paragraph definitions for study 2
Demand
The demands of a work situation; stressors present in the work environment involved in accomplishing the work load; stressors related to unexpected tasks; stressors of job-related personal conflict; 'how hard workers work' (mental work load); organization constraints on task completion; conflicting demands Control Decision-making freedom (discretion) available to the worker; the working individual's control/ potential control over their tasks, conduct and performance during the working day; the worker's ability to control his or her own activities and skill usage Skill discretion Level of skill and creativity required on the job and the flexibility permitted the worker in deciding what skills to employ (similar to variety); socially predetermined control over use of skills by the individual Decision authority
Organizationally mediated possibilities for workers to make decisions about their work; socially predetermined control over detailed aspects of task performance (also called autonomy) Effort Work pressure; the demands on the job; effort spent; perceived demands; demanding aspects of the work environment The definitions above, used in study 2, were developed using word-for-word phrases from core papers (listed below) that explain the DC and ERI theories and are universally cited. Defining phrases were identified from sections of each paper where the constructs had been clarified. All defining phrases were taken into consideration and were only rejected where repetition occurred. Karasek, R. A. (1979) . Job demands, job decision latitude, and mental strain: implications for job redesign. Administrative Science Quarterly, 24(2), 285-308. doi:10. 2307/2392498
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Karasek, R., Brisson, C., Kawakami, N., Houtman, I., Bongers, P., & Amick, B. (1998) . The job content questionnaire (JCQ): An instrument for internationally comparative assessments of psychosocial job characteristics. Journal of Occupational Health Psychology, 3(4), 322-355. doi:10.1037 322-355. doi:10. /1076 322-355. doi:10. -8998.3.4.322 Karasek, R. (2011 . Demand/control model: a social, emotional, and physiological approach to stress risk and active behaviour. I have enough time to get the job done The demands of a work situation; stressors present in the work environment involved in accomplishing the work load; stressors related to unexpected tasks; stressors of jobrelated personal conflict; 'how hard workers work' (mental work load); organization constraints on task completion; conflicting demands.
I am free from conflicting demands that others make The demands of a work situation; stressors present in the work environment involved in accomplishing the work load; stressors related to unexpected tasks; stressors of jobrelated personal conflict; 'how hard workers work' (mental work load); organization constraints on task completion; conflicting demands.
Control items
My job requires that I learn new things Decision-making freedom (discretion) available to the worker; the working individual's control/potential control over their tasks, conduct, and performance during the working day; the worker's ability to control his or her own activities and skill usage.
My job requires me to be creative Decision-making freedom (discretion) available to the worker; the working individual's control/potential control over their tasks, conduct, and performance during the working day; the worker's ability to control his or her own activities and skill usage.
My job requires a high level of skill
Decision-making freedom (discretion) available to the worker; the working individual's control/potential control over their tasks, conduct, and performance during the working day; the worker's ability to control his or her own activities and skill usage.
I get to do a variety of different things in my job
I have an opportunity to develop my own special abilities Decision-making freedom (discretion) available to the worker; the working individual's control/potential control over their tasks, conduct, and performance during the working day; the worker's ability to control his or her own activities and skill usage.
My job involves a lot of repetitive work Decision-making freedom (discretion) available to the worker; the working individual's control/potential control over their tasks, conduct, and performance during the working day; the worker's ability to control his or her own activities and skill usage.
My job allows me to make a lot of decisions on my own Decision-making freedom (discretion) available to the worker; the working individual's control/potential control over their tasks, conduct, and performance during the working day; the worker's ability to control his or her own activities and skill usage.
I have a lot of say about what happens on my job Decision-making freedom (discretion) available to the worker; the working individual's control/potential control over their tasks, conduct, and performance during the working day; the worker's ability to control his or her own activities and skill usage.
On my job, I have very little freedom to decide how I do my work Decision-making freedom (discretion) available to the worker; the working individual's control/potential control over their tasks, conduct, and performance during the working day; the worker's ability to control his or her own activities and skill usage.
Skill discretion items (subdimension of control)
My job requires that I learn new things Level of skill and creativity required on the job and the flexibility permitted the worker in deciding what skills to employ (similar to variety); socially predetermined control over use of skills by the individual.
My job requires me to be creative Level of skill and creativity required on the job and the flexibility permitted the worker in deciding what skills to employ (similar to variety); socially predetermined control over use of skills by the individual.
My job requires a high level of skill
Level of skill and creativity required on the job and the flexibility permitted the worker in deciding what skills to employ (similar to variety); socially predetermined control over use of skills by the individual.
I get to do a variety of different things in my job
I have an opportunity to develop my own special abilities Level of skill and creativity required on the job and the flexibility permitted the worker in deciding what skills to employ (similar to variety); socially predetermined control over use of skills by the individual.
My job involves a lot of repetitive work Level of skill and creativity required on the job and the flexibility permitted the worker in deciding what skills to employ (similar to variety); socially predetermined control over use of skills by the individual.
Decision authority items (subdimension of control) My job allows me to make a lot of decisions on my own Organizationally mediated possibilities for workers to make decisions about their work; socially predetermined control over detailed aspects of task performance (also called autonomy).
I have a lot of say about what happens on my job
Organizationally mediated possibilities for workers to make decisions about their work; socially predetermined control over detailed aspects of task performance (also called autonomy).
On my job, I have very little freedom to decide how I do my work Organizationally mediated possibilities for workers to make decisions about their work; socially predetermined control over detailed aspects of task performance (also called autonomy).
Effort items
I have constant time pressure due to a heavy work load Work pressure; the demands on the job; effort spent; perceived demands; demanding aspects of the work environment.
I have many interruptions and disturbances while performing my job Work pressure; the demands on the job; effort spent; perceived demands; demanding aspects of the work environment.
I have a lot of responsibility in my job Work pressure; the demands on the job; effort spent; perceived demands; demanding aspects of the work environment.
I am often pressured to work overtime Work pressure; the demands on the job; effort spent; perceived demands; demanding aspects of the work environment.
My job is physically demanding Work pressure; the demands on the job; effort spent; perceived demands; demanding aspects of the work environment.
Over the past few years, my job has become more and more demanding Work pressure; the demands on the job; effort spent; perceived demands; demanding aspects of the work environment.
Reward items I receive the respect I deserve from my superiors Societal rewards distributed to the working population; financial reward; esteem or approval; reward related to promotion prospects; career opportunities including job security; being appreciated in an adequate way; being treated (un)fairly; disappointments resulting from inappropriate rewards.
I receive the respect I deserve from my colleagues Societal rewards distributed to the working population; financial reward; esteem or approval; reward related to promotion prospects; career opportunities including job security; being appreciated in an adequate way; being treated (un)fairly; disappointments resulting from inappropriate rewards.
I experience adequate support in difficult situations
Societal rewards distributed to the working population; financial reward; esteem or approval; reward related to promotion prospects; career opportunities including job security; being appreciated in an adequate way; being treated (un)fairly; disappointments resulting from inappropriate rewards.
I am treated unfairly at work
My job promotion prospects are poor Societal rewards distributed to the working population; financial reward; esteem or approval; reward related to promotion prospects; career opportunities including job security; being appreciated in an adequate way; being treated (un)fairly; disappointments resulting from inappropriate rewards.
I have experienced or I expect to experience an undesirable change in my work situation Societal rewards distributed to the working population; financial reward; esteem or approval; reward related to promotion prospects; career opportunities including job security; being appreciated in an adequate way; being treated (un)fairly; disappointments resulting from inappropriate rewards.
My employment security is poor Societal rewards distributed to the working population; financial reward; esteem or approval; reward related to promotion prospects; career opportunities including job security; being appreciated in an adequate way; being treated (un)fairly; disappointments resulting from inappropriate rewards.
My current occupational position adequately reflects my education and training Societal rewards distributed to the working population; financial reward; esteem or approval; reward related to promotion prospects; career opportunities including job security; being appreciated in an adequate way; being treated (un)fairly; disappointments resulting from inappropriate rewards.
Considering all my efforts and achievements, I receive the respect and prestige I deserve at work Societal rewards distributed to the working population; financial reward; esteem or approval; reward related to promotion prospects; career opportunities including job security; being appreciated in an adequate way; being treated (un)fairly; disappointments resulting from inappropriate rewards.
Considering all my efforts and achievements, my work prospects are adequate Societal rewards distributed to the working population; financial reward; esteem or approval; reward related to promotion prospects; career opportunities including job security; being appreciated in an adequate way; being treated (un)fairly; disappointments resulting from inappropriate rewards.
Considering all my efforts and achievements, my salary/income is adequate Societal rewards distributed to the working population; financial reward; esteem or approval; reward related to promotion prospects; career opportunities including job security; being appreciated in an adequate way; being treated (un)fairly; disappointments resulting from inappropriate rewards.
